lof 3

ON-LINE QRSCOMPLEX DETECTION USING WAVELET FILTERING

L. Szilagyi, Prof. Dr. Z. Beny6, S. M. Szilagyi, A. Szlavecz, L. Nagy
Department of Control Engineering and Information Technology, Budapest University of
Technology and Economics, Hungary

Abstract-This paper presents a new QRS complex detection
algorithm that can be applied in various on-line ECG processing
systems. The algorithm is performed in two steps: first a wavelet
transform filtering is applied to the signal, then QRS complex
localization is performed using a maximum detection and peak
classification algorithm. The algorithm has been tested in two
phases. First the QRS detection in ECG registrationsfrom the MIT-
BIH database has been performed, which led to an average
detection ratio of 99.50%. Then, the algorithm has been
implemented into a microcontroller-driven portable Holter device.
This research is supported by the Hungarian Foundation for
Scientific Research, Grant T29830 and FK FP0301/0999 Pr oj ect.
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|. INTRODUCTION

On-line ECG processing systems require a reliable and fast
QRS complex detection algorithm. Most on-line algorithms
apply a direct method, which sometimes leads to mediocre
results. Parameter estimation methods are mostly too complex to
be implemented in microcontroller-driven  devices.
Transformation-based algorithms are usually reported to work
off-line, because of the enormous amount of calculations [1].
These are problems to be solved using the new method.

Il. METHODOLOGY

The QRS complex detection algorithm consists of two steps.
First the wavelet transform is applied to obtain a transformed
signal, which contains afew maxima and minima in each period.
In the second step these extreme values are detected, and the
peaks of the maxima preceded by a long ascent and followed by
a long descent of the signal are declared to coincide with the
peaks of the R waves.

A. The Wavelet Filtering

Wavelet transform is a linear operator, which decomposes the
input signal into componentsthat appear at different resolutions.
The first thing needed for a wavelet transform is to choose a
convenient mother wavelet. The function Y (t) is said to be a

wavelet if it has afinite spectrum, that is:
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where \?(W) denotes the Fourier Transform of Y (t). This
condition implies, that Y (t) cannot have a dc component, it is
oscillatory and its areaiis zero:

i‘v(t)dt =0. @

Let us denote by Y (t) the dilation of Y (t) by the positive
scale factor a, defined as:
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The wavelet transform of the function j (t) at scale a and
position q is given by the following expression:
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where Y " (@) denotesthe complex conjugationof Y @) . Inits
digitized form, thisformula (5) gets the following aspect:
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where d reflects the length of the interval in which the wavelet
is defined, and the coefficients contain the wavelet and the
energy normalizing factor 1/1/5 [2]. The wavelet we used is
defined as:
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defined in only a p periods of the cosine function, where b is
the attenuation factor of the wavelet, f defines its basic

frequency, while | is computed such as it eliminates the dc
factor.

Fig. 1. The aspect of the chosen wavelet



Report Documentation Page

Report Date Report Type
25 Oct 2001 N/A

Dates Covered (from... to)

Title and Subtitle
On-Line QRS Complex Detection Using Wavelet Filtering

Contract Number

Grant Number

Program Element Number

Author (s)

Project Number

Task Number

Work Unit Number

Performing Organization Name(s) and Addr ess(es)
Department of Control Engineering and Information Technology
Budapest University of Technology and Economics Hungary

Performing Organization Report Number

Sponsoring/M onitoring Agency Name(s) and Addr ess(es)
US Army Research, Development & Standardization Group
(UK) PSC 802 Box 15 FPO AE 09499-1500

Sponsor/Monitor’s Acronym(s)

Sponsor/Monitor’s Report Number (s)

Distribution/Availability Statement
Approved for public release, distribution unlimited

Supplementary Notes

Papers from 23rd Annual International Conference of the IEEE Engineering in Medicine and Biology Society, October
25-28, 2001, held in Istanbul, Turkey. See also ADM001351 for entire conference on cd-rom.

Abstract

Subject Terms

Report Classification
unclassified

Classification of this page
unclassified

Classification of Abstract
unclassified

Limitation of Abstract
uu

Number of Pages
3




The output function of this wavelet transform will be our
filtered signal. The parameters of thisfiltering are the attenuation
factor b , and the basic frequency f [3].

Our goal is to find those parameter values, which contribute
the most to a good QRS detection ratio. The value for parameter
por d will bechosen so that it assures all the significant parts of
the sum defined in (5), but it eliminates all additional
calculations for the attenuated part of signal, that hardly
influence the result.

The effect of this wavelet filtering will be an elimination of
low and high frequency components from the signal, in fact it
will be similar to abandpass filtering around the basic frequency
f , without causing any phase delay.

B. QRS Complex detection

The QRS complex detection is accomplished using the
transformed signal. First we determine the series of consecutive
minima and maxima. Then the maxima, which occur after a long
ascent and are followed by a long descent, will be declared the
peaks of the R waves. The exact threshold value of the criterion
long is determined at the beginning from the maximal value of
the ascents in the first few seconds. However, considering the
fact, that the output signal of the wavelet transform defined
according to (5), has values only in the interval [-1,1], a fixed
threshold in the range 0.4-0.6 always |eads to acceptabl e results.

C. Adjusting parameters for optimal QRS complex detection

The stability, efficiency and reliability of this method have
been studied by varying the value of the main parameters( b , f ,

d), and checking how the detection ratio depends on them.

Ill1. RESULTS

The algorithm has been tested using ECG registrations from
the MIT-BIH database and registrations measured with the
Holter system at the Medical Clinic No. 3 of Marosvésérhely
(Romania) [4]. Some signal sections can be seen in Fig. 2. The
first signal is the measured one, the second is the filtered signal.
Localized QRS complexes are represented by vertical linesin the
image of the measured signal.

The detection ratio has varied between 98.85% and 100%. The
threshold value, if chosen a certain, considerably wide interval,
does not influence the detection ratio, which provides stability
for the algorithm. In most arrhythmia-free cases there has been
no failed detection.

The basic frequency has a strong influence on the detection
ratio. Its value has to be around the dominating frequency of the
R wave. By choosing a value between 12Hz and 21Hz, we obtain
avery good detection ratio; the optimal value, even if it depends
from registration to registration or from patient to patient, in
every caseisvery close from 17Hz.

The width of the interval, in which the mother wavelet is
defined, should be chosen as 2-2.5 periods of the cosine function
in the wavelet's definition. The attenuation factor b should be
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chosen such a way, that it limits the mother wavelet's values at
the boundaries of the interval by 3-5% of its maximum. Fig. 1
represents awavel et that provides excellent results. Table | gives
a summary on the efficiency of the method, measured with ECG
registrations from MIT-BIH database.

TABLE I.
DETECTION RATIOS FROM MIT-BIH RECORDINGS
Registration Total beats Failed detections Detection ratio
number
104 2230 6 99.73%
105 2572 19 99.26%
108 1763 17 99.03%
201 1963 8 99.59%
203 2982 16 99.46%
222 2484 7 99.72%
228 2053 8 99.61%
Tota 16047 81 99.50%
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Fig. 2. Measured and filtered ECG signal sections, and localized QRS complexes

IV. DISCUSSION AND CONCLUSION

Having the detection ratio over 99.5%, this method can be
called a reliable one, and can be implemented into Holter
systems. Wavelet-transform-based methods have been reported
many times to require alot of calculation, which makes it hard to
use in on-line signa processing systems. Using modern
computers, this method can process a 10-minute registration in a
few hundreds of milliseconds. Therefore it can be applied evenin
case of multi-channel ECG. Experiments show, that the
algorithm works in a microcontroller-driven Holter system [4].
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